Automated segmentation of the brain is challenging in the presence of brain pathologies such as white matter hyperintensities (WMH). A late-life depression population was used to demonstrate the effect of WMH on brain segmentation and normalization. We used an automated algorithm to detect WMH, and either filled them with normal-appearing white-matter (NAWM) intensities or performed a multispectral segmentation, and finally compared the standard approach to the WMH filling or multi-spectral segmentation approach using intra-class correlation coefficients (ICC). The presence of WMH affected segmentations for both approaches suggesting that studies investigating structural differences in populations with high WMH should account for WMH. We also investigated how functional data contrasts are affected using normalization between the standard compared to fill and multi-spectral approach. We found that the functional data was not affected. While replication with a larger sample is needed, this study shows that WMH can significantly affect the results of segmentation and these areas are not limited to those affected by WMH. It is clear that to study gray matter differences that some correction should be made to account for WMH. Future studies should investigate which methods for accounting for WMH are most effective.
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Introduction
White matter hyperintensities (WMH) are areas in the white matter of the brain that have higher intensity values on a T2-weighted magnetic resonance (MR) scans compared to normal appearing white matter (NAWM). Usually appearing in mid-to-latelife, WMH are attributed to degenerative changes of long penetrating arteries (Breteler et al., 1994) , resulting in demyelination, gliosis and axonal degeneration (Ovbiagele and Saver, 2006). WMH can have a variety of pathologies and are associated with several neurological disorders (e.g. multiple sclerosis). In older populations, the prevalence of white matter disease is highly variable, with reports indicating it affects from 5% to 90% of the population, depending on the study design and study population (Xiong and Mok, 2011) . WMH are more common in populations 60 years and older and also are more common in women than in men (de Leeuw et al., 2001 ).
Although WMH appear as hyperintense on T2-weighted images, they are hypointense (dark) on the T1-weighted images. These dark spots on the T1-weighted images are not typically considered when using automated image processing methods. For instance, studies exploring structural brain changes rely on tissue segmentation algorithms. These algorithms can be affected by the presence of WMH. The process of tissue classification in presence of WMH is often a challenging task. Thus, the presence of WMH can result in tissue misclassification if it is not taken into account in the segmentation algorithm, as it has been reported in LevyCooperman et al. (2008) . Most neuroimaging software platforms have been developed for populations with healthy brains and therefore there is only a low risk of tissue misclassification since the prevalence of WMH is very low or non-existent in younger populations. Therefore, incorrectly classifying the voxels as gray matter due to lower intensities on the T1 is not a significant issue in healthy subjects.
Further, it is often necessary to coregister all subject volumes into a common template space. This step can be affected by the presence of WMH (Eloyan et al., 2014) 
